Increased acoustic startle in the presence of bright ambient light, a phenomenon called light-enhanced startle (LES), is dependent on the bed nucleus of the stria terminalis. In contrast to gonadally intact male rats, LES was seen reliably in castrated male rats and in female rats, although it fluctuated significantly with reproductive state. Replacement with testosterone (T) or combined estradiol (E2) and dihydrotestosterone (DHT), but not with either E2 or DHT alone, attenuated LES in castrated rats. However, replacement with T or E2 in ovariectomized rats did not decrease LES. In contrast, no sex difference was seen in the central amygdala-dependent acquisition or expression of fear-potentiated startle. In addition, T did not reduce expression of fear-potentiated startle in castrated rats. T-replaced castrated males injected centrally with mixed arginine vasopressin (AVP) V1a/b receptor antagonists daily throughout the replacement period failed to show a reduction in the expression of LES. These data suggest that T attenuates LES, but not fear-potentiated startle, through a mechanism that may involve AVP.
Introduction
Our laboratory has characterized an animal model of anxiety termed light-enhanced startle (LES) (Walker and Davis, 1997) . In LES, the amplitude of the acoustic startle response is elevated in the presence of a bright ambient light compared with when tested in the dark. This is consistent with many studies demonstrating that bright light is an anxiogenic stimulus to rodents (File and Hyde, 1978; Crawley, 1981) .
The bed nucleus of the stria terminalis (BNST) mediates specific types of anxiety and stress responses (for review, see Walker et al., 2003) . For example, the BNST is linked to the escape deficits found within the "learned helplessness" model and behavioral and autonomic responses in rats that resemble those in people with anxiety disorder (Maier, 1990; Shekhar and Keim, 2000) . The BNST also mediates the aversive effects of morphine withdrawal in rats (Aston-Jones et al., 1999) and corticotropinreleasing factor (CRF)-induced reinstatement of cocaine-seeking behavior after footshock (Erb and Stewart, 1999) . Erb et al. (2001) postulate that footshock-induced reinstatement is controlled by a sequential CRF pathway from the central nucleus of the amygdala to the BNST, a pathway also involved in the expression of conditioned defeat in Syrian hamsters (Jasnow et al., 2004) . Swerdlow et al. (1986) showed that CRF infused into the lateral ventricle of rats increased the magnitude of the acoustic startle reflex for at least 2 h. Studies by Liang et al. (1992) and Lee and Davis (1997a,b) characterized the dose-response of CRF on acoustic startle and demonstrated that CRF-enhanced, like lightenhanced, startle is dependent on the integrity of the BNST and not the amygdala. These studies suggest an important role for the BNST in the control of emotional reactivity, especially in paradigms resulting in sustained behavioral changes.
The BNST is highly sexually dimorphic (del Abril et al., 1987; Herbison and Theodosis, 1993) . Moreover, the BNST, as well as the medial nucleus of the amygdala, show a pronounced sexual dimorphism in that the number of neurons that express arginine vasopressin (AVP), and the amount of AVP message within those neurons is significantly higher in male compared with female rats (Miller et al., 1989) . All of these sex differences are regulated by the activational and organizational effects of gonadal steroid exposure (al-Shamma and De Vries, 1996) . However, the ramifications that these sex differences within the BNST might have on the expression of emotional behavior have not been elucidated. Considering that the incidence of psychopathologies is significantly greater in women than in men (Kornstein, 1997; Weinstock, 1999) , it behooves us to determine whether models of fear and anxiety that rely on different parts of the extended amygdala show sex differences and, if so, what the role of gonadal steroids is in these various models.
In our initial studies at Yale University (New Haven, CT), LES was reliably observed in male rats; however, LES in males is highly inconsistent in our new laboratory. In the current study, we compare LES in male and female rats and begin to characterize the mechanisms responsible for sex differences in the reactivity to this anxiogenic stimulus.
Materials and Methods

Animals
Sprague Dawley female and male rats (Charles River, Raleigh, NC) were housed in groups of four in our animal facilities. Male and female rats were housed in separate quarters. In studies requiring intracerebroventricular (ICV) cannula placement, animals were housed individually after surgery. On the testing day, animals were taken from our animal facilities, transported in a clear open-topped 11 ϫ 7 ϫ 5 cm rat cage, and placed into a sound-attenuated (mini booth; Industrial Acoustics, Bronx, NY) holding chamber in the testing room. Animals were left undisturbed in the holding chamber for at least 30 min before the beginning of testing.
Apparatus
Rats were trained and tested in two identical 8 ϫ 15 ϫ 15 cm Plexiglas and wire mesh cages as described by Cassella and Davis (1986) . Background noise (60 dB wideband) and startle stimuli (50 ms white-noise bursts; rise decay, 5 ms) were delivered through high-frequency speakers (Radio Shack Supertweeter; Tandy, Fort Worth, TX) located 5 cm from the front of each cage. Sound-level measurements were made with a Brüel & Kjaer (Marlborough, MA) model 2235 sound-level meter (A scale; random input) with the microphone (type 4176) located 7 cm from the center of the speaker, which approximates the distance of the rat's ear from the speaker during testing. Startle response amplitudes were quantified using an Endevco (San Juan Capistrano, CA) 2217E accelerometer. Cage movement produced by the rat's startle response resulted in displacement of the accelerometer, the output of which was integrated, producing a voltage output proportional to the velocity of cage movement. This signal was amplified by an Endevco model 104 amplifier and digitized on a scale of 0 -2510 units by an InstruNET device (model 100B; GW Instruments, Somerville, MA) interfaced to a Macintosh G3 (Apple Computers, Cupertino, CA) computer. Startle amplitude was defined as the maximal peak-to-peak voltage that occurred during the first 300 ms after onset of the startle-eliciting noise burst.
In the fear-potentiated startle test, the visual conditioned stimulus was a 3.7 s light (200 lux) produced by 25 W incandescent bulb located 25 cm above each cage. The unconditioned stimulus was a 0.5 s 0.4 mA shock delivered through the four floor bars as described by Walker and Davis (1997) . The presentation and sequencing of all stimuli were under the control of the Macintosh G3 computer using custom-designed software (The Experimenter; Glassbeads, Newton, CT).
Surgery
Rats were anesthetized with a ketamine/xylazine mixture (ketamine, 100 mg/100 ml; xylazine, 20 mg/ml at 1 cc/kg of body weight) administered intraperitoneally and implanted with a cannula (guide cannula 313-G; cut 6 mm beneath the base; Plastics One, Roanoke, VA) directed at the lateral ventricle, nosebar set at ϩ5 mm (coordinates with respect to bregma: 0 mm anteroposterior, Ϯ1.6 mm mediolateral, Ϫ5 mm dorsoventral).
Matching procedure
Rats were presented with 30, 95 dB, 50 ms bursts of white noise (startle stimuli) at a 30 s interstimulus interval (ISI). The rats were divided into groups so that each group had equivalent mean startle amplitudes across the 30 startle stimuli. For the hormone replacement experiments, rats were tested for LES as described below and matched into groups based on the magnitude of their LES.
Light-enhanced startle
Animals were placed into the startle cages in a dark chamber and after a 5 min acclimation period presented with 30 startle stimuli at 30 s ISI, which constituted phase I. At the conclusion of phase I, rats were removed from the startle chamber and placed back in their transport cages on an adjacent, well lit table for ϳ5 min. Rats were then placed back into the startle chamber for phase II, which was a repeat of phase I with either continued darkness or a change to high illumination (200 lux), depending on the experiment. The dependent variable was the difference between startle amplitude when phase I to phase II was from dark to dark compared with when phase I to phase II was from dark to light.
Fear-potentiated startle training
Two days after matching, rats were placed in the startle test cages and 5 min later given 10 light-shock pairings consisting of a 3.7 s, 200 lux light coterminating with a 0.5 s, 0.4 mA footshock at an average intertrial interval of 2 min (range, 2-4 min). This procedure was repeated the following day.
Fear-potentiated startle testing
Eight days later, all animals were returned to the training chambers and presented with 30, 95 dB startle stimuli (noise-alone trials) at a 30 s ISI followed 30 s later by the first of 30 light plus startle stimulus trials (light-noise trials) and 30 noise-alone trials in a balanced, irregular order. On the light-noise trials, the startle stimulus occurred 3.2 s after onset of the light.
Slow acquisition fear-potentiated startle training
This paradigm is a modification of fear-potentiated startle training in which two training trials/session are given over the course of several days. On training days 1 and 2 and all even days thereafter, rats underwent a test-train procedure consisting of a randomized sequence of 10 startle stimuli: five startle noise bursts alone and five startle noise bursts presented 3.2 s after the onset of a 3.7 light followed by two training (lightshock) trials consisting of a 3.7 s light coterminating with a 0.5 s 0.4 mA shock. On training day 3 and all odd days thereafter, the training trials were given at the beginning of the 10 startle stimuli (train-test day).
Data analysis
Fear-potentiated startle was calculated for each rat as a difference between the startle response in the presence of the conditioned cue (the light) and the startle response in the absence of the conditioned cue.
Specific experiments
Experiment 1: comparison of light-enhanced startle between male and female intact and gonadectomized rats
Rationale. We observed previously that LES is inconsistent and variable in intact male rats. Before this, no data were available on LES in female rats or the effect, if any, of reproductive state in female rats. The following experiment was undertaken to address these questions. The elimination of gonadal steroids in both sexes was included to examine whether the presence of these hormones was important for expression of LES.
Method. Gonadally intact male (n ϭ 16) and female (n ϭ 16) rats housed at least 2 weeks in our animal facilities were matched as described above and tested for LES. Ovariectomized (OVX) females (n ϭ 12) and castrated male rats (n ϭ 10) were tested in a similar manner 3 weeks after gonadectomy. In addition, one group of pregnant rats (n ϭ 12) was tested on days 15 and 16 of pregnancy, and one group of postpartum females (n ϭ 13) was tested on days 10 and 11 of lactation.
Experiment 2: light-enhanced startle in gonadectomized male and female rats: the effect of testosterone and estradiol
Rationale. Data from experiment 1 suggested that the presence of testosterone (T) was involved in reducing LES in male rats, whereas the presence of fluctuating levels of estradiol (E2) and progesterone were not involved in reducing LES in female rats. The following experiment tested whether replacement of testosterone or the major metabolite of testosterone, estradiol, would modulate LES in gonadectomized male and female rats.
Method. Three weeks after gonadectomy, groups of male and female rats were tested for LES as described above. After this, rats were separated into two groups such that both groups exhibited a similar level of LES. Rats from the female group were separated in a similar manner. One group of males (n ϭ 13) and one group of females (n ϭ 14) were implanted with SILASTIC capsules [36 mm; inner diameter (I.D.), 0.078 in; outer diameter (O.D.), 0.125 in] filled with testosterone. The other groups of male (n ϭ 11) and female (n ϭ 14) rats were implanted with blank SILASTIC capsules. Eight days later, rats were retested for LES. The same experiment was then performed with SILASTIC tubing containing 17␤-estradiol (36 mm; I.D., 0.078 in; O.D., 0.125 in) (Sigma, St. Louis, MO) or blank tubing (males, n ϭ 6 per group; females, n ϭ 8 per group).
Experiment 3A: the effect of dihydrotestosterone and combined dihydrotestosterone plus estrogen on light-enhanced startle in castrated male rats Rationale. Whereas testosterone reduced LES in castrated male rats, estradiol did not have any effect. Testosterone is either aromatized into estrogens or reduced into dihydrotestosterone (DHT). This experiment examines the effect of DHT alone or the combination of the two major metabolites of testosterone, DHT and estradiol, on LES in castrated male rats.
Method. Three weeks after castration, male rats (n ϭ 15) were tested for LES as described above. After this, male rats were separated into two groups such that both groups exhibited a similar level of LES. One group was replaced with SILASTIC capsules containing DHT (Sigma), and the other group was implanted with blank SILASTIC tubing. Eight days later, rats were retested for LES. A final experiment using double implantation of SILASTIC capsules [one containing DHT and one containing E2 was done on a third group of castrated rats (n ϭ 8)]. In this experiment, the control group (n ϭ 7) was implanted with two empty SILASTIC capsules.
Experiment 3B: the effect of long-term replacement of E2 and DHT on light-enhanced startle in castrated male rats
Rationale. Experiment 3A indicated that both metabolites of testosterone were necessary for the decrease in LES elicited by testosterone after 8 d of replacement. The following experiment examined whether more longterm exposure to estradiol or DHT will modulate LES.
Method. Three weeks after castration, male rats (n ϭ 15) were tested for LES as described above. After this, male rats were separated into three groups such that all groups exhibited similar levels of LES. One group was replaced with SILASTIC capsules containing E2 (dimensions as above), one group was replaced with SILASTIC tubing containing DHT (dimensions as above), and the last group was implanted with blank SILASTIC tubing (n ϭ 5 in each group). Rats were retested for LES as described above 8, 15, and 22 d after implantation of SILASTIC capsules.
Experiment 4: effects of excess T in intact males
Rationale. Testosterone replacement reduced LES in castrated males but not in ovariectomized females. The following experiment investigated whether supplemental testosterone would decrease LES in gonadally intact male rats.
Method. Intact males were implanted with T-filled (n ϭ 7) or blank (n ϭ 7) capsules and tested for LES 8 d later.
Experiment 5: the effect of central AVP receptor antagonism on testosterone-induced attenuation of light-enhanced startle in castrated rats
Rationale. LES is dependent on the BNST, a highly sexually dimorphic structure wherein the size and number of AVP neurons are significantly higher in male versus female rats (van Leeuwen et al., 1985; Miller et al., 1989) . BNST AVP peptide expression is dependent on the presence of gonadal steroids in both sexes (De Vries et al., 1994a) . This experiment examined whether there is a connection between the blunting effect of testosterone on LES in male rats and activation of central AVP receptors.
Method. Castrated rats (n ϭ 24) underwent ICV cannulation surgery as described above and were allowed a 1 week recovery period. Subsequent to this, all rats were tested for LES as described above and separated into two groups such that the magnitude of LES was similar in each. One day after the initial test for LES, all groups were replaced with SILASTIC capsules containing T. One group (n ϭ 5) of T-replaced males received eight daily ICV injections of the AVP V1a/b receptor antagonist d(CH 2 ) 5 [try(me)]AVP [500 ng/5 l artificial CSF (aCSF)], and one group of T-replaced males (n ϭ 7) received ICV injections of the AVP V1a/b receptor antagonist (1b-mecapto-b-b-cyclopentame thylenepropionicacid)-2-(O-methyltyrosine)AVP (500 ng/5 l aCSF). Another group of T-replaced castrated rats (n ϭ 12) received eight daily ICV injections of vehicle (aCSF). After these treatments, all rats were retested for LES.
Experiment 6A: comparison of fear-potentiated startle in intact male and female rats
Rationale. The preceding studies indicated the presence of a sex difference in the expression of light-enhanced startle, which, as mentioned previously, is dependent on the BNST. The purpose of this experiment was to determine whether a gender difference also exists in the expression of fear-potentiated startle, a phenomenon dependent on activation of the central nucleus of the amygdala and independent of the BNST. In addition, by using a training paradigm in which group differences in learning can be detected, we also looked for sex differences in the acquisition of fear-potentiated startle.
Method. In this experiment, we used a modification of fear conditioning called "slow acquisition fear conditioning," which allows us to examine acquisition and expression over an extended period of time. Gonadally intact male (n ϭ 8) and female (n ϭ 10) rats were trained over a period of 8 d to associate the appearance of a light with a mild footshock, as described above.
Experiment 6B: the effect of testosterone on fear-potentiated startle in castrated rats
Rationale. Previous studies in this investigation indicated that testosterone reduces the expression of LES. This experiment examined whether T has a similar effect on fear-potentiated startle in male rats.
Method. Castrated rats (n ϭ 16) were trained for fear-potentiated startle as described above. After training, eight rats were implanted with SILASTIC capsules containing testosterone, and eight rats were implanted with blank SILASTIC capsules. Eight days later, rats were tested for the expression of fear-potentiated startle as described above.
Statistical analysis
Group differences in light-enhanced and fear-potentiated startle were analyzed using ANOVA followed by post hoc analysis (Fisher's least significant difference) if required.
Results
Experiment 1: comparison of light-enhanced startle between male and female intact and gonadectomized rats Figure 1 shows LES in cycling, OVX, pregnant, and lactating females and intact as well as castrated males. ANOVA indicted a significant difference in LES among groups (F (5,73) ϭ 3.38; p Ͻ 0.01). Post hoc analysis showed a significant decrease in lightenhanced startle in intact males compared with intact females ( p Ͻ 0.01), castrated males ( p Ͻ 0.05), and pregnant females ( p Ͻ 0.02) and a near-significant difference compared with lactating females ( p Ͻ 0.06). When data from cycling, pregnant, and lactating females were compared in a separate analyses, results showed a significant difference in LES across reproductive state (F (2,38) ϭ 3.89; p Ͻ 0.03). Post hoc analysis showed significant increases in light-enhanced startle in pregnant females compared with cycling females ( p Ͻ 0.04) and in pregnant females compared with lactating females ( p Ͻ 0.01).
Experiment 2: light-enhanced startle in gonadectomized male and female rats: the effect of testosterone and estradiol Table 1 shows testosterone levels in castrated male rats after 8 d of replacement with T-filled or empty (Blank) SILASTIC tubing. Figure 2 , A and B, shows the effect of testosterone and estradiol on LES in gonadectomized male rats. Testosterone significantly reduced LES in castrated males (F (1,22) ϭ 4.37; p Ͻ 0.05) but was without effect in OVX females. Estrogen had no effect in either castrated or OVX rats (data for females rats with T or E2 not shown).
Experiment 3A: the effect of DHT and combined DHT plus estrogen on light-enhanced startle in castrated male rats Figure 2 , C and D, shows the effect of DHT and DHT plus estrogen on LES in castrated rats. Combined DHT/E2 significantly reduced LES (F (1,13) ϭ 9.39; p Ͻ 0.01). DHT alone did not significantly reduce LES nor did E2 alone (Fig. 2 ). Figure 3B shows the effect of E2 and DHT replacement over the course of 22 d. LES was significantly attenuated over time in E2-replaced rats (F (3,16) ϭ 4.24; p Ͻ 0.02). LES did not change over time in DHT-replaced or blank-implanted castrated males. There were no significant group differences at any of the particular time points but only over the complete course of the experiment for the E2 group.
Experiment 3B: the effect of long-term replacement of E2 and DHT on light-enhanced startle in castrated male rats
Experiment 4: effects of excess T in intact males
T given to gonadally intact rats further attenuated the reducing effect of endogenous T on the startle response to light. Increased startle in the light of intact males replaced with blank SILASTIC tubing was 54 Ϯ 48%. Intact males replaced with testosterone was Ϫ5 Ϯ 18% (data not shown). Figure 4 shows LES in castrated male rats replaced with T along with ICV injections of either vehicle or the V1a/b receptor antagonists over the course of T replacement. An overall ANOVA using treatment (V1a/b antagonist vs vehicle) and type of V1a/b antagonist as between-subjects factors and time (pre-T vs post-T) as a within-subjects factor found a significant treatment-by-time interaction (F (1,20) ϭ 4.214; p Ͻ 0.05), reflecting the fact that T reduced LES in vehicle-treated but not V1a antagonist-treated , and lactating (LAC; postpartum days 10 and 11; n ϭ 13) as well as ovariectomized female rats (n ϭ 12) and intact (INTACT; n ϭ 16) and castrated (CAST; n ϭ 10) male rats. In this and all the figures that follow, LES is measured as percentage increase in startle when going from dark to light divided by the percentage increase in startle when going from dark to dark Ϯ SEM. # indicates a significant difference in the expression of light-enhanced startle between pregnant females compared with lactating and cycling females. * indicates a significant difference in LES between intact males and cycling and pregnant females, as well as between intact and castrated males. rats. There was no three-way interaction, indicating there was no statistical difference in the ability of the two antagonists to block the effect of T (F (1, 20) ϭ 2.04; p Ͼ 0.10), and hence the data were combined in Figure 4 .
Experiment 5: the effect of central AVP receptor antagonism on testosterone-induced attenuation of light-enhanced startle in castrated rats
Experiment 6A: comparison of fearpotentiated startle in intact male and female rats Figure 5A shows the acquisition and expression of fear-potentiated startle for intact male and female rats over the training period of 8 d. There was a significant increase in fear-potentiated startle over time (F (4,64) ϭ 6.30; p Ͻ 0.002). There was no significant difference between males and females over time (F (4,64) ϭ 0.69; p Ͻ 0.605). In addition, there was no significant difference in the magnitude of fearpotentiated startle between male and female rats, although male rats showed a tendency for enhanced fear-potentiated startle compared with females (F (1,16) ϭ 2.10; p Ͻ 0.167). However, in this experiment, males showed a slight unconditioned increase in startle in the presence of the light before training, which may account for some of the increased reactivity to the light in male rats. Both testosterone-replaced capsules and blanks displayed significant fear-potentiated startle (see Fig. 5B ). Chronic (8 d) exposure to testosterone did not affect the expression of fear-potentiated startle in castrated rats (F (1,14) ϭ 0.013; p Ͼ 0.911). There was no effect of testosterone on baseline startle response [testosterone noise alone, 1.684 Ϯ 0.241; vehicle noise alone, 2.186 Ϯ 0.505 (in arbitrary units)].
Discussion
In this study, the role of gender and gonadal steroids was measured using LES. LES was seen consistently in female rats, although the magnitude of this effect varied from one group of female rats to another. In contrast, male rats showed rather low and quite variable LES, similar to what we have observed for male rats in several of our previous experiments. This gender difference was not seen in the acquisition or expression of fearpotentiated startle. Castration of male rats produced a more consistent LES, similar in magnitude to that observed in female rats. Replacement of T, at high physiological doses, significantly attenuated LES in castrated males and further reduced it in intact male rats but had no effect on fear-potentiated startle in castrated male rats. This indicates that circulating T acts to decrease the response of male rats to the anxiogenic stimulus of a bright light but is ineffective for reducing the response to a conditioned fear. Eight days of T replacement did not blunt the expression of LES in T-replaced OVX females. Furthermore, T-replaced males that received ICV injection of an AVP V1a/b receptor antagonist once daily throughout the term of T replacement did not show the reduction in LES normally observed after T exposure, suggesting that T attenuates LES through a mechanism involving AVP.
The attenuation of LES by T complements several studies that also indicate that T can have anxiolytic effects in several measures of anxiety in rats. Both T-replaced and T-administered castrated male rats exhibited increased open-arm exploration in the elevated plus maze (Bitran et al., 1993; Frye and Seliga, 2001 ). Female rats injected with T, DHT (the nonaromatizable metabolite of T), or 3␣-diol (the reduced neuroactive metabolite of DHT) showed increased entries into the open field and increased openarm time in the elevated plus maze (Frye and Lacey, 2001) . Male rats exposed to high levels of T showed an increase in punished responding in the Vogel conflict test (Bing et al., 1998) . Interestingly, T has been shown to ameliorate mood in hypogonadal and aged men and in perimenopausal and elderly women. T has also been shown to reduce activation of the hypothalamic-pituitaryadrenal (HPA) axis in rats, providing yet another possible mechanism whereby T reduces indices of anxiety (Meaney et al., 1993; Viau and Meaney, 1996; Viau et al., 2001 Viau et al., , 2005 Viau, 2002) .
In this study, female rats consistently displayed significant LES; however, the magnitude of this response was sensitive to factors that modulate, or are themselves modulated by, reproductive state. Pregnant rats exhibited significantly higher levels of LES than cycling or lactating rats. Pregnancy and lactation produce a myriad of behavioral changes including altered emotional and stress responses. However, whereas lactation results in decreases in anxiety-like behavior (Fleming and Luebke, 1981; Hard and Hansen, 1985; Toufexis et al., 1999) , pregnant rats show increased anxiety on the elevated plus maze (Neumann et al., 1998; Neumann, 2001 ), a significant rise in baseline startle response (Young and Cook, 2004) , and more fear in the shock probe burying test (Picazo et al., 1993) . The present data indicating that pregnancy increases the emotional response to bright ambient light is consistent with these other studies.
In the current study, 8 d of T replacement did not attenuate LES in gonadectomized female rats. In the prenatal and perinatal period, T works to sculpt the male brain, thus setting the stage for the activation of sex-specific responses during adolescence and throughout adulthood. Here, the reduction of LES by exogenous T was particular to male rats, suggesting that T was acting on a system that is organized to respond uniquely in males. The BNST constitutes one of the most sexually dimorphic regions of the mammalian brain (for review, see Segovia and Guillamon, 1993; Walker et al., 2003) . For example, the BNST shows a sexual dimorphism in that the number of neurons expressing AVP and the amount of AVP peptide are significantly higher in male com- Figure 5 . A, Comparison of fear-potentiated startle in gonadally intact male (n ϭ 8) and female (n ϭ 10) rats Ϯ SEM. There was a significant increase in fear-potentiated startle over the course of training but no difference in magnitude of fear-potentiated startle in male and female rats over time. B, Fear-potentiated startle in castrated rats after 8 d of replacement with empty SILASTIC tubing (blanks; n ϭ 8) and SILASTIC tubing filled with testosterone (n ϭ 8). There was no significant difference in the expression of fear-potentiated startle between groups. TA, Tone alone; LT, light tone; DIFF, difference.
pared with female rats (van Leeuwen et al., 1985; Miller et al., 1989) . This sex difference is mediated by the early organizational effects of T in males (Han and De Vries, 2003) . Moreover, the presence AVP within these brain areas in adult rats of both sexes requires the presence of gonadal steroids (De Vries et al., 1994a,b) . In the present study, ICV application of a broadspectrum (mixed V1a and V1b) vasopressin receptor antagonists counteracted the T-induced reduction of LES, suggesting that T attenuates LES through a mechanism that involves AVP.
The major projection site for BNST AVP is the lateral septum, an area long implicated in the modulation of fear and anxiety (De Vries and Buijs, 1983) . The behavioral effects of modulating septal AVP are contradictory. AVP V1a receptor antisense or antagonist treatment have an anxiolytic effect on plus maze behavior in some studies (Landgraf et al., 1995) . However, the application of synthetic AVP failed to produce any effect in the plus maze in another study (Liebsch et al., 1996) . Moreover, a potent V1/V2 antagonist had no effect on shock-probe burying behavior and reduced open-arm activity (Everts and Koolhaas, 1999) . It is possible that these conflicting data result from a nonmonotonic relationship between individual levels of AVP innervation and the response to anxiogenic stimulation. Studies in both rats and mice show that the variation of the lateral septum AVP system within males is as great as that between males and females. Indeed, there is a negative correlation between AVP content and the extent of septal AVP innervation and aggression in male mice and a positive correlation between AVP levels in the septum in rats showing high performance in footshock-induced brightness discrimination (for review, see Koolhaas et al., 1998) . Moreover, it has been reported recently that endogenous AVP released in the lateral septum during the forced swim test reduces immobility, whereas the application of a potent V1 antagonist by reverse microdialysis produced the opposite results (Ebner et al., 1999) , suggesting that septal AVP is involved in stress-coping behaviors. These results, together with the marked intramale variability in AVP, suggest that emotional responses in male rodents may be exquisitely tied to AVP function within the lateral septum. It is possible that the variability in the expression of LES in male rats observed in this and other studies from our laboratory is related to this phenomenon. Interestingly, studies suggest that androgen regulation of the HPA axis is mediated through the control of AVP in limbic areas, like the BNST (Viau et al., 2001) , thus providing evidence that the interaction between T and AVP may be a common mechanism within the brain.
The reduction of LES after T replacement in castrated males was not caused by the individual action of either estrogen or DHT but required the presence of both of these metabolites of testosterone. However, prolonged exposure (22 d) to E2, but not DHT, did attenuate LES in males to a significant degree. Here, once again, is a possible connection with BNST AVP. De Vries et al. (1994a) demonstrated that estrogen replacement resulted in an increase of AVP message within the BNST in both castrated males and a significant but smaller increase in OVX females. Moreover, although DHT had no effect on AVP peptide levels alone, the combination of estrogen and DHT significantly increased the number of BNST cells expressing AVP message over that seen with estrogen alone, and this increase was selective to male rats. Therefore, if the reduction of LES by T is mediated through BNST AVP, one might expect that the most robust effect would occur with both estrogen and DHT present. However, it is possible that the present experimental design (8 d of replacement) did not allow sufficient time for E2 or T to have an effect in female rats. Experiments are underway to ascertain whether length of hormone exposure is a determinant for hormonal effects in females within this experimental model.
In contrast to LES, T had no effect on the expression of fearpotentiated startle in male rats. The central nucleus of the amygdala is critical for conditioned fear, whereas the BNST is not, a situation that is exactly the opposite of that for CRF-or light enhanced-startle, which requires activation of the BNST and not the central nucleus of the amygdala (Hitchcock and Davis, 1986; Hitchcock and Davis, 1987; Kim and Davis, 1993; Lee and Davis, 1997b; Walker and Davis, 1997; Gewirtz et al., 1998) . This argues that the BNST is not necessary for the elaboration of fear responses evoked by explicit cues but is required for the response to more long-lasting anxiogenic stimuli. Thus, it may be that T is important for modulating behavioral responses to continuous aversive stimuli rather than situations in which an immediate response would be more adaptive. Indeed, T enhances memory consolidation in several learning paradigms (Frye and Lacey, 2001; Bimonte-Nelson et al., 2003; Edinger et al., 2004) . One can surmise that dampening responses to a continuous anxiogenic stimulus could enhance attention toward, and thus accentuate the ability to learn about, a novel biologically salient stimulus. To address this question, we are currently examining the role that T plays in the acquisition rather than simply the expression of fearpotentiated startle.
In summary, these studies support a role for T in the reduction of the behavioral response to the anxiogenic effect of bright ambient light in male, but not female, rats. In addition, the data suggest that the effect of T may be mediated through AVP, perhaps at the BNST or through its projection to the lateral septum.
